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Introduction 
The National Rural Health Alliance highlights that people who live in regions that are economically, 
socially and environmentally successful are likely to live healthier lives.1 They also indicate that there is 
little formal recognition that regional development can have a major impact on health.  
At present, many rural communities throughout central and southern Australia continue to face long-
standing drought conditions and the associated uncertainty about the future. Evidence suggests that 
farming communities experiencing the long-term impacts of drought are likely to be affected by mental 
health and wellbeing problems including continuous stress, loss of hope, financial and workload 
problems. 2-5  
Recent findings by ABARE suggest that Australia is “one of the most adversely affected regions” 6 of 
climate change and will experience significant decline in dryland agriculture production of nine to 
10 per cent by 2030. Less understood are the processes through which rural people can manage or 
adapt to prolonged droughts. The importance of resilience, adaptive capacity and innovation7-11 and 
their particular relevance to rural Australia is increasingly recognised. Understanding adaptive 
responses are significant in the current context of climate change. The 2007 9th National Rural Health 
Conference recognises this in the following Priority Recommendation: 
The Federal Government should immediately invest substantial funds in research to establish the impacts of 
the current drought and water shortages on rural community and child and family wellbeing. Such research 
would be the basis of new interventions to support community resilience and adaptive human behaviours and 
will help prepare rural and remote Australia for the consequences of global warming and climate change. 12 
Adaptive responses to a rapidly drying continent are occurring in many regional communities, such as 
implementing water efficiency infrastructure to improve water security.13 In Western Victoria, major 
water reform is being implemented by replacement of the century-old stock and domestic open 
channel system with two pipelines—the Northern Mallee (NM) Pipeline completed in 2002, and 
Wimmera Mallee (WM) Pipeline due for completion in 2010.14,15 The extent to which such interventions 
impact on how communities cope with changing environmental conditions is increasingly important to 
understand.  
This paper is based on a number of regional studies and explores the influence that water 
infrastructure change may have on the resilience and wellbeing of rural people in drought-affected 
areas of Western Victoria, Australia.  
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Impacts of drought/water shortages upon resilience of rural communities·related 
literature 
Drought literature concur that water shortages are a significant stressor on the lives and wellbeing of 
affected people and communities.2,3,5,16-23 Australian literature describes the social and economic 
implications of drought over the last decade and identifies the following broad socio-economic 
impacts: unemployment; reduced access to education; increased rural poverty; loss of institutional 
capital; reduced agricultural workforce; and stress in farm families and communities. The specific 
health impacts of drought relate to continuous stress, increased workload, reduced income3, and 
environmental distress which particularly affect one’s sense of wellbeing and sense of control.5 These 
impacts in turn affect family relationships, individual mental health and health-related behaviours.3  
The economic impacts of drought on non-agricultural small businesses in rural towns has been less 
well reported in the literature.2,23,24 Small businesses make-up a significant proportion of businesses in 
rural and regional areas. Spending by farm families is a significant source of income for many of these 
businesses and the flow-on effect from reduced farm incomes typically results in decline of sales to 
their farm customers and thereby loss of income.23,24 
Broader social and economic factors20,25 impacting upon farmers (eg commodity differentiation, 
globalisation, restructuring) “has probably greatly exacerbated the existing trends in rural and regional 
decline, leading to the closure of small businesses, general loss of populations (particularly young 
people and families) and decline in community spirit and social fabric.” 26 Whilst studies have identified 
the vast impacts of drought and rural change on individual and community wellbeing, Stehlik21 argues 
the need to identify ways to enable as opposed to diminish resilience, and these should be built into 
policy responses to develop self-reliant and sustainable communities. 
The concept of resilience has received much scholarly attention and is one of three emergent 
knowledge domains (the others are vulnerability and adaptation) related to responding to climate.8 
Resilience “can be defined in many ways27” and has been conceptualised in social, ecological and 
psychological terms. The resilience in this paper is broadly described as “the ability of a system to 
avoid shocks, to avoid crossing a threshold into an alternative and possibly irreversible new state and 
to regenerate after disturbance.”28 Less understood are the reasons why some individuals cope better 
under such circumstances than others. Marshall, Fenton, Marshall and Sutton29 highlight that unlike 
ecology which undergoes changes through natural processes, responses to stress by humans include 
individual choice or will, which add complexity to assessing the resilience of social systems. Their 
social resilience model describes the following four dimensions: the perception of risk associated with 
change; the ability to plan, learn and reorganise; the perceived ability to cope with change; and the 
level of interest in change. This model reflects the adaptive capacity of people or the ability of human 
actors in a system to influence resilience by their capacity to adapt and to shape change.28  
Other works on human resiliency point to the importance of examining “the dynamic, interactive nature 
of resilience and the interplay between the individual and their broader environment”.18 A Queensland 
study18 examined the resilience of individuals and communities in response to environmental shocks 
(storms, drought and bushfires). Following Luther30, they identified that multiple levels of influence, 
such as individual, family and community are important in identifying vulnerability or protective factors 
which may modify circumstances in individual lives and communities. The study uncovered 
characteristics of resilient people and resilience ‘shapers’ including family, culture, belonging to a rural 
community and community spirit.18  
While individual and community resilience in the context of environmental ‘crises’ is beginning to be 
understood, the impact of policy responses and major regional development projects, such as the 
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WM, and NM Pipeline Projects are rarely assessed from a social resilience perspective. The following 
reports on several studies14,15,31 and explores how major water infrastructure change may influence 
adaptive capacity and hence resilience of rural communities, including small businesses, experiencing 
climate-induced drought.  
The study area 
The WM and NM pipeline region covers approximately 62,000 square kilometres (30% of Victoria).32 
The area services approximately 70,000 people and is commonly referred to as the Wimmera Mallee 
which is broadly bounded by the Murray River to the north and the Grampians mountain range to the 
south and includes the Wimmera River basin. The economy of the region is dominated by broad-acre 
cropping and grazing, and accounts for a substantial proportion of Victoria’s Gross Value of 
Production.35 Like many inland rural regions it faces a declining and aging population. This population 
movement has followed the consolidation of services to its larger centres36 where Retail trade, followed 
by Health and Agriculture are the major employment sectors.37,38  
Rainfall varies from an average of 890 mm in the south to 310mm in the north and surface runoff is 
insufficient to provide reliable water for domestic and stock use. Historically the region has been 
supplied with water via a one hundred year old open channel system distributing water from reservoirs 
in the Grampians. The system is currently undergoing an upgrade to rural pipelines which will 
significantly improve water quality and supply reliability. These pipelines have become critical for the 
sustainability of this region, where due to prolonged drought conditions water storages are currently 
below 4.0% of total capacity and have been below 10% since 2006.39 Figure 1 provides a summary of 
the key features of these two major infrastructure projects.  
The Wimmera Mallee has been under considerable stress and declared for Exceptional Circumstances 
since 2006.40 In light of these stresses, the social indicators of this region 2001 to 2006 data35,41-48 
indicate a relatively good socio-economic profile, based on education, employment and socio-
economic status compared to Victorian and Australian averages. In particular, the data shows the 
region has a relatively high level of social resilience and community strength47-48 however health 
statistics are less positive. Recent regional studies support these trends showing evidence of the 
adverse impacts of drought upon the local rural communities3,23,49 and revealing its strong community 
resilience.  
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Figure 1 Summary of the key features of the NM and WM Pipeline projects 
Northern Mallee Pipeline Project14 
Construction period: 1992-2002 
Instalment details: Lay 2500km pipes 
Total cost: $49M 
Objective: Replace highly inefficient stock and domestic  
earthen channel system from Grampians with pipeline water from Murray to service 12 towns  
and 17,000 farms in region 
Estimated volume of water recovered: 45,000ML per year 
Wimmera Mallee Pipeline Project50-54 
Construction period: 2006-ongoing (expected completion 2010) 
Instalment details: Lay 8,800km pipes.  
Estimated total cost: $650M  
Objective: Replace 17,500km earthen channels to supply stock and domestic water to 6,000 rural 
customers and 36 towns across the region.  
Estimated volume of water recovered = 103,000 ML per year 
Regional benefits:  
• Provide regional growth such as on-farm diversification, commercial opportunities, and tourism. 
• Provide estimated economic benefit of 4,900 full time jobs and add $710M to regional economy.  
• Provide approximately 80,000ML water per annum for environmental flows to rivers and lakes with 
flow-on benefits for community. 
 
Survey methods and interviews 
The paper reports on two quantitative surveys conducted with farmers and community members, and 
a qualitative interview based study of non-farm small businesses. Findings depicting issues pertaining 
to resilience were extracted from each study to examine how regional infrastructure projects (the WM 
and NM pipelines) influence community and individual resilience in drought-affected areas.  
The two quantitative surveys targeted farmers and community members, over 18 years of age, who 
were or were going to connect to the piped water supply. All residents in the NM pipeline zone had 
been connected for between 4 to 14 years. The variation in the length of time connected was due to 
the staged construction of the NM pipeline. The survey included both town and rural residents. The 
self-administered surveys were distributed by mail and by hand at a locally-based field day event and 
through local networks over a two week period in July 2006. Fifty-four surveys were completed 
(response rate 10%) and these reflected rural Victorian demographic characteristics. 
The second survey targeted those farmers within the footprint of the WM pipeline. It was a multimode 
survey (telephone and online) conducted in September 2008. This paper reports on those who were 
connected to the WM pipeline at the time of the survey, most of which had been connected for less 
than one year reflecting the current construction phase of this pipeline. A total of 249 surveys were 
completed (response rate of 56.7%), of which 83 had a current connection to the pipeline. Both the 
NM and WM pipeline surveys asked similar sets of questions specifically focused on the perceived 
social benefits and concerns of those connected to the pipeline and the responses to these questions 
are used in this paper to indicate the influence of the pipeline connection on individual and community 
WM Pipeline footprint 
NM Pipeline footprint 
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resilience. The WM survey however included only farmers and focused on the benefits associated with 
their farming enterprise.  
In the qualitative study, interviews were conducted with ten non-agricultural small businesses 
(employing 20 or less people and with an annual turnover between $10,000 and $5 million55). These 
businesses were from two small towns (Rainbow and Sea Lake) in the Wimmera Mallee region of 
Victoria with populations less than 650 residents. A purposive sampling strategy was used to recruit 
five businesses from each town. The majority of the participating small businesses belonged to the 
retail sector; five had been in operation for greater than five years, and most had an annual turnover of 
less than $500K. There were five male and five female respondents of varying ages. Interviews were 
transcribed and QSR NVivo was used for qualitative thematic data analysis; in this paper the themes of 
interest relate to how small businesses have adapted to or absorbed major impacts caused by 
drought and whether pipeline infrastructure has had an impact or will have a positive impact in the 
future. The town of Sea Lake is serviced by the NM Pipeline, and Rainbow was yet to be fully 
connected to the WM Pipeline. Rainbow participants were asked how the WM pipeline would impact 
on their business in the future. Full details of these studies are included in the following reports: 
WIDCORP 200713, 200614 and 2008.15 
Discussion 
Previous studies 18,30 suggest multiple levels of resilience and that resilience-building strategies and 
tools should be directed to three main levels of influence which in this study are the individual, 
business/farming, and community levels. The study results described in this paper are reported 
through this framework and with reference to the social resilience model outlined earlier,29 and provide 
insights into how ‘resilience-building strategies’ such as water infrastructure change influence adaptive 
responses of business and community. In particular how communities, individuals, small businesses 
and farmers adapt to drought and the perceived advantage of new infrastructure that provides a more 
secure piped water supply. 
Influences of water infrastructure change on resilience 
Community level 
In the NM pipeline study, respondents were asked whether they believed changes had occurred to 
environmental, economic and social aspects of the community as a result of the NM pipeline. Table 1 
summarises community based perceptions. Most respondents agree that the NM pipeline reduced 
water wastage and increased the supply and quality of water for domestic and garden use and 
reduced levels of stress associated due to a more reliable water supply. These attributes are likely to 
increase community resilience in response to water wastage and shortages. Conversely, most 
respondents see the pipeline as reducing water for recreation on-farm, and recreation and 
entertainment in general, thus potentially impacting on the community’s recreational activities. Most 
respondents however indicated that the pipeline has reduced levels of stress and anxiety, lifted 
community spirit and the general standard of living. 
Overall the impact of the pipeline on community resilience seems to have the most affect on providing 
the region with improved water quality and a more reliable water supply, reduced stress, and improved 
community spirit. However, by limiting recreational activities like swimming, fishing and yabbying 
through closure of the channel and dams system, the subsequent piped supply is likely to reduce 
water based recreation and entertainment and hence opportunities for strengthening social cohesion.  
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Table 1 Perceived social impacts of the NM pipeline on community 
 Response %  
Survey statements  1 2 3 4 5 Valid n 
Provides more reliable supply of quality water# 1.9 0.0 7.5 26.4 64.2 53 
Increases availability of water for domestic purposes & 
gardens# 
5.8 3.8 7.7 32.7 50 52 
Reduces amount of water wasted 0.0 1.9 1.9 23.1 73.1 52 
Improves the aesthetic quality of the region 0.0 2.2 69.6 21.7 6.5 46 
Improved the region’s social activities# 14.8 22.2 38.9 14.8 5.6 52 
Increased water for recreational use# 35.2 20.4 25.9 11.1 1.9 51 
Decreased on-farm recreational water use# 5.7 5.7 9.4 24.5 54.7 53 
Reduced level of stress and anxiety in the region# 4.3 6.5 28.3 32.6 28.3 46 
Employment opportunities 2.2 4.3 73.9 17.4 2.2 46 
Demand for health services 2.2 4.3 91.3 2.2 0.0 46 
Access to education 2.2 6.5 82.6 8.7 0.0 46 
Recreation & entertainment 17.4 32.6 37.0 10.9 2.2 46 
Community spirit 0.0 4.3 36.2 51.1 8.5 47 
Standard of living 2.1 4.3 25.5 66.0 2.1 47 
Scale: 1=Very negative, 2=Negative, 3=Neutral, 4=Positive, 5=Very positive  
# Scale: 1=Strongly disagree, 2=Disagree, 3=Neutral, 4=Agree, 5=Strongly agree 
Source: adapted from WIDCORP 200614 
Individual level 
At the individual level, participants were asked how the pipeline had influenced environmental, 
economic and social aspects of their lives. A summary of findings are reported in Table 2. 
Table 2 Perceived impacts of the NM pipeline on individuals 
 Response %  
Survey statements 1 2 3 4 5 Valid n 
Quality of life 2.1 4.3 25.5 53.2 14.9 47 
Attitude towards living in the community 0.0 0.0 44.7 42.6 12.8 47 
Your financial security 2.1 8.5 29.8 46.8 12.8 47 
Your employment security 0.0 4.3 60.9 30.4 4.3 46 
Attitude towards your community’s future 0.0 0.0 41.3 45.7 13.0 46 
Attitudes towards the security of you & your children 0.0 4.3 36.2 48.9 10.6 47 
Your participation in local social activities 2.2 17.4 63.0 10.9 6.5 46 
Your standard of living 2.1 0 38.3 53.2 6.4 47 
Your level of stress & anxiety 2.1 2.1 44.7 38.3 12.8 47 
Attitudes towards the environment 2.2 8.9 35.6 42.2 11.1 47 
Scale: 1=Very negative, 2=Negative, 3=Neutral, 4=Positive, 5=Very positive 
Source: adapted from WIDCORP 200614 
With respect to individual wealth, over half of the respondents felt it had improved their financial 
security, and whilst less people were sure about the impact of the pipeline on their employment 
security, one third felt positive about its impact.  
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Most respondents felt positive about their attitude towards their community’s future, their attitude 
towards living in the community and about the pipeline’s impact upon security of their children and 
themselves.  
Items relating to indicators of wellbeing include quality of life, social participation, standard of living, 
and stress levels. Improved quality of life ranked highest with more that 68% of respondents perceiving 
it as a positive outcome of the NM piped water supply. Impact on standard of living and levels of 
stress and anxiety was seen as positive by one in two respondents. Participation in social activities 
was not seen as a positive outcome by most and may reflect the reduced access to recreational 
water.  
In terms of individual resilience factors, the data suggests the pipeline has improved individual attitudes 
and sense of security over one’s life through improvements to their community, family and individual 
socio-economic situation. Furthermore wellbeing was perceived to be positively impacted upon by this 
water infrastructure project by reducing stress levels and increasing quality of life.  
Farmer level 
At the farmer level, the NM and WM pipeline farmer surveys examined social impacts of the pipelines 
on attitudes towards farming. These sets of questions suggest how these pipeline developments have 
influenced the resilience of farming families with respect to wellbeing, financial security and the 
likelihood of remaining on their farm. Tables 3 and 4 provide summaries of this data.  
Most respondents within the NM pipeline study (Table 3) indicated as a result of the NM pipeline 
infrastructure they are positive about having a flexible quality water supply, living on the farm, improved 
quality of life, the farm’s financial security, their attitude towards the farm’s future and the respondent’s 
future as a farmer. However less than half of the respondents were positive about the impact of the 
pipeline on the farm’s operating costs. This may reflect the initial cost of installing on-farm pipeline 
infrastructure and its ongoing operating costs. 
Table 3 Perceived social impacts of the NM pipeline on attitudes towards farming 
 Response %  
 1 2 3 4 5 Valid n 
Allowed properties to be more flexible with water 
supply 
0.0 0.0 9.5 61.9 28.6 42 
Attitude towards living on the farm 0.0 0.0 41.0 46.2 12.8 39 
Farm’s financial security 0.0 5.3 31.6 50.0 13.2 38 
Attitude towards the farm’s future 0.0 0.0 34.2 52.6 13.2 38 
Quality of life on the farm 0.0 5.3 34.2 47.4 13.2 38 
Attitude towards your future as a farmer 0.0 0.0 42.1 44.7 13.2 38 
Farm’s operating costs 5.3 10.5 39.5 42.1 2.6 38 
Scale: 1=Very negative, 2=Negative, 3=Neutral, 4=Positive, 5=Very positive 
Source: adapted from WIDCORP 200614 
In the WM pipeline farmer survey (Table 4), the results were similar to that of the NM study. Most 
farmers agreed that the pipeline had increased flexibility of farm water management, provided more 
security and increased quality of life. Issues associated with recreational opportunities were seen to be 
less favourable. 
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Table 4 Perceived social impacts of the WM pipeline on attitudes towards farming 
 Response %  
 1 2 3 4 5 Valid n 
Allow my property to be more flexible in its water 
management 
8.4 10.8 27.7 31.3 21.7 83 
Improve the farms financial security 8.4 14.5 26.5 31.3 19.3 83 
Improve my quality of life 9.6 10.8 27.7 36.1 15.7 83 
Increase the likelihood of my future as a farmer 14.5 12.0 28.9 27.7 16.9 83 
There being less on-farm recreational opportunities 
such as swimming and fishing in dams and channels 
12.0 13.3 9.6 19.3 45.8 83 
Changes to the regions landscape 25.3 25.3 25.3 9.6 14.5 83 
Scale: 1=Strongly disagree, 2=Disagree, 3=Neutral, 4=Agree, 5=Strongly agree 
Source: adapted from WIDCORP 200713 
The above data suggests that the impact of the water pipeline supply infrastructure has influenced the 
attitudes of farmers to remain on the farm in the NM because of improved farm financial security and 
improved quality of life through access to a secure, flexible, quality water supply. Those farmers 
recently connected to the WM pipeline see similar benefits; however these are not as yet influencing 
their decision about the likelihood of them remaining farmers. These findings suggest that farmer 
resilience is influenced by the introduction of water infrastructure change within a drought-affected 
region.  
Drought-affected small business strategies 
The qualitative small business study15 asked business operators to describe how they had adapted to 
or changed their business to cope with changes in the external environment and to identify the 
essential components of their businesses they would maintain through times of adversity. In addition, 
they were asked to consider how other small businesses in their town had successfully managed 
change. These questions were pertinent in identifying the key strategies and tools which build 
resilience within small businesses and within the wider community. Inherent in the study was the aim of 
understanding the role (if any) of pipeline infrastructure in assisting small businesses to mitigate 
drought impacts in the present and future.  
Community level 
At the community level, there was a strong sense of community spirit. This was noted in two ways; 
community support for new businesses and strong community-mindedness. Rainbow small 
businesses participants described young new business owners as highly motivated to create a 
successful enterprise from older established businesses; and that these young people were 
enthusiastically supported by the community. Community-mindedness of operators was evidenced by 
those who saw their business as a utility beyond individual income and that it was viewed as an asset 
for the community, to “serve the community in some way.”56  
Individual level 
Some operators felt that personal attributes had helped them to cope with adversity. This included an 
individual’s skills and knowledge and a positive attitude or a willingness to change their enterprise to 
‘something new’. These individual traits support the process of adaptation through shaping an 
individual’s ability to plan, learn and reorganise, as reflected in the social resilience model.29 
I’ve always had a positive outlook. I’d be the perfect optimist. SL1 
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Probably more mature and can handle the fact that if things are bad on the land, they’re bad in the town, and 
you appreciate the reflection so much… R7 
Business level 
The data analysed in this study15 identified a range of strategies across the ten businesses that 
assisted them to manage during drought-affected times. These strategies are summarised as follows. 
Customer focused: Understanding and being responsive to consumer demands/community needs. 
This was achieved by providing a broad range of products, quality service or supplies, good customer 
service and affordable pricing.  
Improving operating efficiency: Reducing costs to deal with impact of reduced spending in the town. 
This was resolved by reducing stock holdings and staff levels, adjusting prices of goods and services 
to keep costs at a minimum for customers, and sometimes the operator and/or other family members 
absorbing more of the workload.  
Providing essential services: Providing an essential service and being diverse. The operator of a 
newsagency in Sea Lake in his words viewed the business as ‘drought tolerant’. The business has a 
large selection of goods including toys and hardware, a number of franchises including betting and 
banking facilities. 
Lifestyle business: Being a ‘hobby’ business. The business was not a major source of income, and the 
focus was on enjoyment and social outlet rather than profitability. One operator described how her and 
her husband’s farm provided the main source of income, and was given in-kind support from family to 
staff the shop in her absence.  
Diversification: Diversifying the business was a strategy used by several businesses to respond to the 
changing environmental conditions and drew upon opportunities to expand. Diversification was 
achieved through changing the core business focus; creating a niche business or providing a 
service/product that goes beyond the local market.  
The study also identified that a range of strategies and resources were working within individual 
businesses and that these appear to make that business more resilient in times of adversity. While 
most businesses in the survey did not indicate a direct relationship between their business resilience 
and the pipeline infrastructure, a number did indicate that if more secure water supply improved farm 
incomes it would improve their business.  
I think first off it’s good for farms and if they make more money they will spend more money—that’s good for 
my business. R8 
Conclusion 
Results presented in this paper provide some evidence that community and individual resilience 
appear to improve with better and more efficient water infrastructure. In particular the respondents 
believed that improvements in water supply and security decrease the likelihood of stress on farming 
communities and individuals and improved perceptions about their future financial security and staying 
in the region. However there is some indication that the social attributes of such changes on recreation 
and social cohesion may be countering some of the resilience building attributes of the WM and NM 
pipelines outlined. Furthermore the qualitative data gained from interviews with small businesses 
demonstrated the ability of these businesses to cope with adversity by drawing upon individual 
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knowledge and skills, planning and reorganising facets of the business, and through the community 
spirit of the local town. Additionally, major water infrastructure change may have an indirect benefit in 
building their business resilience.  
In conclusion, the paper concurs with Stehlik21 in arguing it is important to identify ways to enable 
rather than diminish resilience. Policy responses, such as major water reform which increases water 
security can help to develop self-reliant sustainable communities which build community, individual 
and business resilience. However, certain aspects of such reform may diminish resilience as was 
highlighted in these studies by the reduced water based recreational opportunities resulting from 
changed water infrastructure from open channels and dams to a reticulated piped system. 
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